The plate-dilution frequency technique described facilitates simultaneous enumeration of a wide range of physiologically different microorganisms in complex systems with a precision comparable to dilution tube (most probable number) methods. Replicate microsamples are inoculated from each member of a dilution series onto areas delineated on plates of prepoured solid media; the plates are incubated, and the occurrence of growth or specific biochemical transformation is recorded for each inoculated area. Microbial enumeration is accomplished by reference to appropriate tables. Details of the experimental procedures are described, and tables are presented from which microbial numbers with 95% confidence limits can be obtained and compared for significant difference directly for 10-fold and 4-fold dilution series. Results of experiments in which microbial populations were estimated simultaneously by the plate-dilution frequency and conventional plate count methods are compared. The potential of the technique for broad-spectrum microbial assay is also discussed.
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Elucidation of the types and numbers of organisms constituting mixed microbial populations is restricted mainly by the time and labor inherent in existing procedures for microbial analysis of complex systems. The plate-dilution frequency technique described in this paper combines many of the advantages of the conventional pour-plate and dilution tube (most probable number) methods, and reduces the time and materials involved in the initial preparation, inoculation, and data recording of large numbers of plates and tubes. The accuracy is comparable to the dilution tube method, in that both methods are based essentially on the "most probable number" concept (2) and the final numerical result is a function of a dilution series rather than one member of the series.
MATERIALS AND METHODS
In essence, the technique consists of inoculating replicate microsamples from each member of a dilution series onto areas delineated on plates of prepoured solid media and recording the presence or absence of growth or of specific biochemical transformation in each area after incubation of the plates for an appropriate length of time. The number of specific organisms or physiological groups of organisms present in the original sample is determined by reference to appropriate tables. 1 Published with the approval of the Director, Wisconsin Agricultural Experiment Station, Madison.
The basic procedure found applicable to most systems involves the inoculation of eight replicates of each of six dilutions of a 10-fold or 4-fold dilution series onto three plates.
Preparation ofplates. Petri plates of solid media are poured on a level surface, allowed to harden overnight, and then partially dried (e.g., 1 hr at 60 C for plastic disposable plates). Eight approximately equidistant circular areas are marked lightly in each half of the plate with a sterile cork borer (1-cm diameter); equidistance is easier to achieve with bisected and quadrisected plates (e.g., Falcon no. 1003, 1009) than with nondivided plates. The plates are stored in plastic bags and checked for contamination before use.
Inoculation of plates. Proceeding from the highest dilution of a 10-fold or 4-fold dilution series of six tubes, a 0.1-ml pipette graduated in hundredths is used to deliver eight replicate 0.01-ml samples from each dilution to the center of the appropriate prescribed circles on the medium. The fact that 0.01 ml is less than one drop assures that delivery of this amount can be accomplished accurately, since the 0.01 ml will not be released until contact is made between the tip of the pipette and the solid medium surface. Prior to delivery, the pipette is rinsed at least three times, and the external surface of the pipette tip is finally wiped clear of water drops on the sterile inside of the dilution tube. With minimal practice and experience, eight replicate 0.01-ml samples can be delivered accurately in the correct locations on the medium from one filling of the 0.1-ml pipette. The samples normally sink into the predried medium within minutes, but as a precaution against movement out of the delineated areas the inoculations should be carried out on a level Table 1 to facilitate direct determination of significant differences. RESULTS AND DISCUSSION As shown in Table 2 , microbial numbers determined from 10-fold dilution series by the platedilution technique were comparable to corresponding numbers obtained by conventional plate counts. In practice, the more sensitive (Table 1) fourfold dilution series is preferable unless the numbers of specific organisms in the microbial system to be assayed cover a very wide and unpredictable range. The range for the 4-fold dilution is 46 to 100,000, and for the 10-fold dilution is 57 to 6,950,000 per ml of suspension; where higher numbers of organisms are anticipated, additional dilutions may be inserted before the dilution level designated as 1 in the series.
The simultaneous assay of many different types of organisms in complex systems is feasible, even under mobile laboratory conditions, because of the simplicity of the experimental procedure: enumeration of each microbial type requires only three prepoured plates; inoculation of diverse media can be achieved rapidly; incubation of the inoculated plates presents minimal storage problems; and data recording of the number of positive samples requires little effort compared with the time-consuming counting of individual colonies associated with conventional plate-count methods.
In addition to conserving time and labor and simplifying data-recording, the technique provides a potentially much broader scope than many other microbial assay methods. Because each microsample is inoculated on a well-defined area, the subsequent colonies can be scanned and examined in detail microscopically with relative ease. Thus, positive growth can be easily discerned, and, in addition, the development of In a manner comparable to the dilution tube method, each microsample may be considered as a biochemical system and can be tested for the occurrence of specific biochemical transformations. Certain transformations, such as the dissolution of insoluble carbonates and phosphates, can be observed directly as a halo around the microsample. Enumeration of organisms causing other types of transformations may require the addition of chemicals to test for the absence of the specific substrate or the presence of its degradation products in the immediate vicinity of the microsample. The appearance of plates used for enumerating starch-hydrolyzing organisms is shown in Fig. 1 . In practice, testing of the highest dilution plates would be delayed until colony growth was comparable to that produced by the more concentrated inocula. Alternatively, each microsample can be removed from the plate after small pieces of media cut from the periphery of the inoculated area have yielded positive responses; this approach is particularly appropriate for systems in which the enzymes or degradation products move rapidly through the medium to produce, if left unchecked, a uniformly positive response throughout the plate.
Results of experiments cited above and others still in progress indicate that the plate-dilution frequency technique can be applied successfully to the broad-spectrum assay of physiologically different microorganisms in complex sysems with 
